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Enhanced Coampliflcation of Nucleic Acids 

Field of the invention 

This invention relates generally to the field of nucleic acid chemistry. More specifically, it 
relates to a method for enhancing the performance of coamplification reactions, e.g. multiplex 
PCR reactions. 

Background of the invention 

Detection of nucleic acids has grown in recent years as a means for early detection of 
genomic features, infectious agents and various organisms which are present in very small 
quantities in a human, plant, microbial or animal test specimen. Detection procedures are 
normally based on the concept of complementarity whereby two DNA strands are bound 
together by hydrogen bonds and other forces between complementary nucleotides (which are 
known as nucleotide pairs). 

A DNA molecule is normally quite stable, but the strands can be separated or denatured by 
certain conditions, such as heating. The denatured strands will reassociate only with another 
strand having a complementary sequence of nucleotides. 

Much research has been carried out to find ways to detect only a few molecules of a DNA. 
Various procedures are known and have been used for more than a decade to amplify or 
greatly multiply the number of nucleic acids in a specimen for detection. Such amplification 
techniques include polymerase chain reaction (PCR), ligase chain reaction (JLCR) and others 
which are less developed. 

Both chain reactions - in particular the polymerase chain reaction (PCR) process — for 
amplifying nucleic acid sequences are well known in the art and disclosed in U.S. Pat. Nos. 
4,683,202; 4,683,195; and 4,965,188. 

In each cycle of a PCR amplification, a double-stranded target sequence is denatured, primers 
are annealed to each strand of the denatured target, and the primers arc extended by the action 
of a DNA polymerase. Specificity of amplification depends on the specificity of primer 
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hybridisation, also referred to primer annealing. Primers are selected to be complementary to, 
or substantially complementary to, sequences occurring at the 3 1 end of each strand of the 
target nucleic acid sequence. Under the elevated temperatures used in a typical PCR, the 
primers hybridize only to the intended target sequence. However, amplification reaction 
mixtures are typically assembled at room temperature, well below the temperature needed to 
ensure primer hybridization specificity. Under such less stringent conditions, the primers may 
bind non-specifically to other only partially complementary nucleic acid sequences (or even 
to other primers) and initiate the synthesis of undesired extension products, which can be 
amplified along with the target sequence. Amplification of the non-specific primer extension 
products can compete with amplification of the desired target sequences and can significantly 
decrease the efficiency of the amplification of the desired sequence. Problems caused by non- 
specific amplification are discussed further in Chou et al. v 1992, Nucleic Acids Research 
20(7): 171 7-1 723, incorporated herein by reference. 

Non-specific amplification can be reduced by reducing the formation of extension products 
from primers bound to non-complementarytarget sequences prior to the start of the reaction, 
in one method, referred to as a "hot-start" protocol, one or more critical reagents are withheld 
from the reaction mixture until the temperature is raised sufficiently to provide the necessary 
hybridization specificity. In this manner, Lhe reaction mixture cannot support primer extension 
during the time that the reaction conditions do not ensure specific primer hybridization. 

Hot-start methods can be carried out manually by opening the reaction tube after the initial 
high temperature incubation step and adding the missing reagents. However, manual hot-start 
methods arc labor intensive and increase the risk of contamination of the reaction mixture. 
Hot-start methods which use a heat labile material, such as wax, to separate or sequester 
reaction components are described in U.S. Pat. No. 5,411,876, incorporated herein by 
reference, and Chou et aL, 1992, supra. In these methods, a high temperature pre-reaction 
incubation melts the heat labile material, thereby allowing the reagents to mix. 

Methods and reagents for amplifying nucleic acid using a primer-based amplification reaction 
which provide a simple and economical solution to the problem of non-specific amplification 
are known from the state of the art (e.g. U.S. Pat. Nos. 5,773,258 or 6,1 83,998). The methods 
use a reversibly inactivated thermostable enzyme which can be reactivated by incubation in 
the amplification reaction mixture at an elevated temperature. Non-specific amplification is 
greatly reduced because the reaction mixture does not support primer extension until the 
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temperature of the reaction mixture has been elevated to a temperature which insures primer 
hybridization specificity. 

Another problem does arise from the fact that human and animal specimens contain many 
different nucleic acids, some of which are endogenous (or natural) to the person or animal, 
and others which arc produced because of some abnormal condition, such as from the 
presence of an infectious agent or an oncogenic condition. Such nucleic acids are usually 
present in very low concentrations compared to endogenous nucleic acids. They are 
sometimes referred to as "low copy number" nucleic acids. By comparison, the endogenous 
nucleic acids are usually present in high concentrations and may be referred to as "high copy 
number" nucleic acids. One such example is human p-globin DNA. 

Frequently, in using PCR, two or more nucleic acids present in the specimen are amplified at 
the same time in the same reaction container. This is identified herein as "co-amplification". 
This process requires that primers for each nucleic acid to be amplified must be 
simultaneously present in the container. 

i 

When both low and high copy target nucleic acids are amplified in such situations, 
amplification of the low copy target nucleic acid is often inhibited. This is due to the 
saturation of the amplifying enzyme (such as DNA polymerase) by the high copy target 
nucleic acid during the later cycles of amplification. False negative results for the presence of 
the low copy target nucleic acid are likely, with possibly serious consequences. 

A similar problem arises if such co-amplification reactions shall be carried out for quantitative 
measurements of nucleic acid molecules such as quantitative PCR. Quantitative PCR and 
quantitative reverse transcription- polymerase chain reaction (RT-PCR) is used for 
determining the amount of specific DNA or RNA molecules in biological samples. The 
melhod has evolved from a low-throughput gel-based analysis to the use of fluorescence 
techniques that do not require the separation of the reaction product on a gel ('closed tube 1 
format). The amount of DNA or cDNA amplified by a PCR is then proportional to an increase 
in the fluorescent signal. The amount of starting DNA is then determined by analyzing the 
fluorescence at each cycle of PCR (real-time or online PCR), or after the PCR (end-point 
detection). These fluorescent techniques which most often comprise fluorescent labelled 
sequence-specific probes are faster and can be less expensive since they do not require post- 
PCR. These methods also reduce contamination of the laboratory with PCR amplicon 
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molecules that may interfere with subsequent assays. Background on quantitative PCR and 
quantitative real-time PCR is given in: Freeman, W.M. et al. f 1999, Biotechniques, 26, 112- 
125 and Bustin, S.A., 2000, J. MoL Endocrinol., 25, 169-193). Most methods rely on the use 
of an oligonucleotide labelled with a fluorophore and a quencher moiety. The quencher 
reduces the fluorescence of the fluorophore by fluorescence resonance energy transfer (FRET) 
when the two moieties are separated by <100 A (Clegg, R.M., 1992, Methods Enzymol., 211, 
353-388) . During PCR, the fluorophore and quencher are separated in space causing an 
increase in fluorescence. The separation occurs either by cleavage of the oligonucleotide also 
referred to as 5 '-3' exonuclease assay, or by a change in secondary structure of the 
oligonucleotide probe when it anneals to target DNA, as occurs with molecular beacons or 
scorpion primers (For a recent, although not complete, review on recent probe technologies 
sccDidcnko, V.D., 2001, Biotechniques, 31: 1106-1 121 Quantitative, real-time, multiplex 
PCR with two sets of differently labeled gene-specific probes is useful because one 
primer/probe set may be used to detect the amount of a gene that is variable and another to 
deLect a gene that is relatively constant and is used as a reference for the quantification of the 
variable gene. When both, the low and high copy target nucleic acids are amplified in one 
reaction, amplification of the low copy target nucleic acid is often interfered by the 
amplification of the high copy target gene due to the saturation of the amplifying enzyme 
(such as DNA polymerase) by the high copy target nucleic acid during the later cycles of 
amplification. Therefore, failure of quantification or inaccurate quantification is often the 
result of such assays making comparison between different nucleic acid samples difficult. 
This can dramatically affect the interpretation of experimental or clinical results such as the 
wrong estimation of the viral load in the blood of a patient undergoing therapy. 

However, co-amplification reactions do not only possess a problem for reactions in which the 
nucleic acids to be amplified exist at varying copy numbers such as in quantitative PCR or 
RT-PCR. Simultaneous amplification of nucleic acid molecules which arc contained in a 
nucleic acid sample is often compromised by competition of the various amplification 
products for limiting reaction parameters. Such applications comprise e.g. the co- 
amplification of genetic markers for determining genomic variabilities such as short tandem 
repeats (STRs), variable number tandem repeats (VNTRs) or single nucleotide 
polymorphisms (SNPs). The determination of these genomic variabilities are increasingly 
used in research and diagnostic applications such as drug discovery, pharmacology, patient 
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management, population genetics, genotyping e.g. for paternity testing, forensics, pathology 
and breeding analysis. 

Various solutions to this problem have been proposed for PCR, including adjusting the 
concentrations of the primers, use of different polymerase amounts, specialised reaction 
buffer formulations or utilizing primer sets with specific melting temperatures (T m 's), or 
combinations thereof Adjusting the primer ratios has been referred in the art as "primer 
biasing" the PCR yield, and requires a decrease in the concentration of primers for the high 
copy target nucleic acid or of the nucleic acid molecule which is preferentially amplified. 
Only modest control of the process is achieved with this approach. 

Another approach to co-amplification has been to adjust the temperature of annealing in PCR 
such that the primers for the high copy target nucleic acid or the preferentially amplified 
nucleic acid anneal to a lesser extent than those for the low copy target nucleic acid or the 
inefficient amplified nucleic acid.. This approach also has a problem. The T m difference 
between primer pairs must be relatively large before good modulation of PCR can be exerted 
on the differential yields for the high and low copy nucleic acids. Exact T m 's cannot be 
calculated (although they can be estimated), and thus they must be measured. This requires a 
high degree of effort, and are considerably tedious. 

Alternatively, adding time to the priming or extension steps in PCR in all cycles can minimize 
the DNA polymerase saturation by the high copy target nucleic acid or the more efficiently 
amplified nucleic acid and increase amplification efficiency. However, this solution has 
limited utility in situations where many nucleic acids which are present in varying 
concentrations, are being amplified simultaneously or if amplification products differ 
significantly in size. 

It is known that the hybridization rate of nucleic acids is increased considerably in the 
presence of volume exclusion agents such as dextran sulfate or polyethylene glycol due to 
exclusion of nucleic acids from the volume of solution occupied by the agents "Sambrook et 
al, Molecular Cloning, A Laboratory Manual", page 9.50, 1989, and U.S. Pat. No. 5,106,730 
(Van Ness et al.). This exclusion effect increases the effective concentration of the nucleic 
acids in the solution, thereby increasing the rate of hybridization. Thus, such materials arc 
routinely added to reaction mixtures to " drive" unfavourable reactions forward. For example, 
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they are added to reaction mixtures to "drive" ligase reactions, U.S. Pat. No. 5,185,243 
(Ullman et ai.) and U.S. PaL No. 5,194,370 (Beminger et aL). 

All patents, patent applications, and publications mentioned herein, both supra and infra, are 
incorporated herein by reference. 

The problem underlying the present invention 

As mentioned above, in multiplex PCR reactions, many different primers are present that may 
bind non-specificaiiy to the template nucleic acid. This is due to the fact that PCR reactions 
are typically assembled at room temperature, much below the temperature that ensures 
specific hybridisation of the primers. Such non-specific extension of primers decreases the 
performance and sensitivity of the assay, because unwanted reactions, caused. by primers 
bound and extended non-specifically, dramatically decrease the efficiency of the reaction. 

In addition, due to the presence of many different primers in the reaction, the probability that 
at least some of these primers even interact with each other is high. Typically, the products of 
such interactions are referred to as primer-dimers. Presence of primer dimers dramatically 
reduces the efficiency of the reaction. 

Efficient co-amplification of multiple targets (multiplex PCR) is only possible when reaction 
conditions are chosen that allow all reactions to take place simultaneously and all reactions 
only minimally influence each other. This is only possible when the plateau phase of each 
reaction is limited. Limited height of PCR plateaus can be achieved by limiting the 
concentration of PCR primers. However, limited concentrations of primers may result in 
decreased sensitivity of the PCR assay. 

Some of the effects described above can be eliminated by the use of a PCR hot start technique 
described above. - However, in co-amplification reactions (multiplex reactions) using 
equimolar concentrations of atl primers it is frequently observed that the yield of some 
amplification products is much lower than from others. Some amplification products may 
even not be detectable at all, even when a comparable number of copies of the target DNA 
sequence are present within the reaction. This may be even more pronounced when low 
concentrations of primers are used, which is required to minimise the influence of the 
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reactions on each other. Strong differences jn product yield are due to differences in 
hybridisation of the primers to their respective target sequence and extension of such annealed 
primers. When such differences in product yield are observed, researchers typically need to 
adapt the concentration of primers to obtain comparable product yield. Establishment of the 
optimal molar ratio of primers is typically very difficult to perform. 

The hybridisation of primers in each cycle of PCR can be increased by a dramatically 
prolonged annealing step in each PCR cycle. This dramatically increases the overall time for 
an multiplex PCR assay, which decreases convenience and is unwanted or not acceptable in 
most cases. 

Accordingly^ it would be desirable to achieve rapid and efficient amplification of one or more 
target nucleic acids when co-amplified in the presence of one or more other target nucleic 
acids in a manner which overcomes the problems noted above. * 

Summary of the invention 

The problems noted above are overcome with methods which significantly enhance the 
performance of multiplex PCR reactions. The present invention provides methods and 
reagents for enhanced performance of multiplex PCR reactions. Such efficient conditions for 
multiplex PCR amplification involved the use of a hoi-start DNA polymerase within the PCR 
reaction in combination with a volume excluding reagent. The positive effect on multiplex 
PCR is due on one hand to the use of a hot-start enzyme, which maximizes PCR efficiency by 
minimizing unwanted non-specific hybridisation and extension of primers or formation of 
primer-dimers. On the other hand, the presence of a volume excluding reagent enhances the 
hybridisation rate of all primers within the reaction. The presence of a volume excluding 
reagent in the reaction results in significantly increased product yield of targets that exhibit 
poor amplification under multiplex PCR conditions (linked primer concentrations) in the 
absence of the volume excluding reagent. 

Surprisingly, it has been found that it is possible to perform multiplex PCR using even 
equimolar concentrations of all primers. According to the invention product yield from targets 
that exhibit poor amplification can be increased to acceptable levels by the use of a volume 
excluding reagent in combination with a hot-start DNA polymerase. 
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The described effect can only be achieved by the combination of both, the hot-start 
polymerase and the volume exclusion reagent. 

The observed effect was surprising because the state of the art suggests that the positive effect 
of the use of volume excluding agents in co-amplification reactions is limited to certain 
hybridisation conditions, where strong differences in copy number between the target nucleic 
acids are observed (approx. lOOOx difference as described in U.S. Pat. No. 5,705,366). 
However, the PCR enhancing effect of the volume excluding reagent in combination with a 
hot-start DNA polymerase is surprisingly also observed when targets are present at 
comparable copy numbers (<10x difference). 

Description of the drawings 

i 

Figure 1 and 2 show data from agarose gel analysis of the 8-plex PCR products. Lanes are 
numbered from left to right. A size standard (100 bp ladder, Invitrogen) was loaded in the 
lane labelled with M, 

The gel pictures both show in lane 1-8 data from duplicate reactions performed using a hot- 
start DNA polymerase (HotStarTaq, Qiagen) and in lanes 9-16 data or reactions performed 
using a standard thermostable DNA polymerase without hot-start (Taq DNA Polymerase, 
Qiagen). 

In Figure 1, reactions were carried out in the absence of PEG-8000 (Lane 1+2 and lane 9+10, 
0 wt-% PEG-8000) or in the presence of increasing concentrations of PEG-8000 (Lane 3+4, 
1 1+12: 1 wt-% PEG-8000, lane 5+6, 13+14: 3 wt-% PEG-8000, lane 7+8, 15+16: 6 wt-% 
PEG-8000). 

In Figure 2, reactions were carried out in the absence of Dextran with an average molecular 
weight of 35.000-45.000 dalton. (Lane 1+2 and lane 9+10, 0 wt-% Dextran) or in the presence 
of increasing concentrations of Dextran (Lane 3+4, 11+12: 1 wt-% Dextran, lane 5+6, 13+14: 
3 wt-% Dextran, lane 7+8, 15+16: 6 wt-% Dextran). 
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Arrows on the left side of the picture identify the PCR products, that exhibit substantial 
increase in intensity when reactions were performed in the presence of the volume excluding 
reagent. 

Data of densitometric analysis of the agarose gel pictures of example 1 are summarized for 
comparison in Table 1. Data from the agarose gel picture shown for example 2 are given in 
Table 2. 

Figure 3 A shows in the upper panels a comparison of PCR product yield of reactions 
containing a hot-start polymerase. In the lower panels, the increase (ratio of signals from 
samples with volume excluder divided by signal obtained without volume excluder) in signal 
intensity for the different conditions is shown. 

Figure 3 B shows data for a non hot-sLarL method. The upper panels of figure 3B show a 
comparison of PCR product yield of reactions containing a hot-start polymerase. Ratio of 
signals from samples with volume excluder divided by signal obtained without volume 
excluder in signal intensity for the different conditions is shown. The designator "N.D." in 
Figure 3 B stands for "not determinable" because, as noticeable in Figure 1, no or not 
sufficient product was generated for an analysis. 

Description of the preferred embodiments of the invention 

The general principles and conditions for amplification and detection of nucleic acids using 
polymerase chain reaction are quite well known, the details of which are provided in 
numerous references including US-A-4,683,195, US-A-4,683,202 and US-A-4,965,188 
(noted above), all of which are incorporated herein by reference. Thus, in view of the teaching 
in the art and the specific teaching provided herein, a worker skilled in the art should have no 
difficulty in practicing the present invention by making the adjustments taught herein to co- 
amplify two or more nucleic acids, one of which is preferably a low copy target nucleic acid 
oris preferentially amplified. 

To aid in understanding the invention, several terms are defined below. 
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The term "adjacent" as used herein refers to the positioning of the primer with respect to the 
probe on its complementary strand of the template nucleic acid. The primer and probe may be 
separated by 1 to about 20 nucleotides, more preferably, about 1 to 10 nucleotides, or may 
directly abut one another, as may be desirable for detection with a polymerization- 
independent process. Alternatively, for use in the polymerization-dependent process, as when 
the present method is used in the PCR amplification and detection methods as taught herein, 
the "adjacency" may be anywhere within the sequence to be amplified, anywhere downstream 
of a primer such that primer extension will position the polymerase so that cleavage of the 
probe occurs. 

The term "hybridization" or "annealing", as used herein, refers to the formation of a duplex 
structure by two single stranded nucleic acids due to complementary base pairing. 
Hybridization can occur between complementary nucleic acid strands or between nucleic acid 
strands that contain minor regions of mismatch. Stability of a nucleic acid duplex is measured 
by the melting temperature, or "T m ." The T m is the temperature (under defined ionic strength 
and pH) at which 50% of the base pairs have dissociated. Those skilled in the art of nucleic 
acid technology can determine duplex stability empirically considering a number of variables 
including, for example, the length of the oligonucleotide, base composition and sequence of 
the oligonucleotide, ionic strength, and incidence of mismatched base pairs. 

Conditions under which only fully complementary nucleic acid strands will hybridize are 
referred to as "stringent hybridization conditions" or "stringent annealing conditions". 
Stringent hybridization conditions are well known in the art (see, e.g., Sambrook et ah, 1985, 
Molecular Cloning - A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring 
Harbor, New York. Generally, stringent conditions are selected to be about 5 °C lower than 
the T ro for the specific sequence at a defined ionic strength and pH. Typically, stringent 
conditions will be those in which the salt concentration is at least about 0.2 molar at pH 7 and 
the temperature is at least about 60 °C. Relaxing the stringency of the hybridizing conditions 
will allow sequence mismatches to be tolerated; the degree of mismatch tolerated can be 
controlled by suitable adjustment of the hybridization conditions. 

The term "label" as used herein refers to any atom or molecule which can be used to provide a 
detectable (preferably quantifiable) signal, and which can be attached to a nucleic acid or 
protein. Labels may provide signals detectable by fluorescence, radioactivity, colorimctry, 
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gravimetry, X-ray diffraction or absorption, mass spectrometry, magnetism, enzymatic 
activity, and the like. 

The term "melting temperature" as defined herein refers to the temperature at which one-half 
of a primer is denatured from a complementary strand (such as the template). The 
determination of the melting temperatures can be accomplished using several standard 
procedures, based on ultraviolet hypochromism, for example, by monitoring the specuum at 
260 nm as described in Biochemistry-The Molecular Basis of Cell Structure and Function, 2d 
Edition, Lehningcr, Worth Publishers, Inc., 1970, pp. 876-7. The various methods of 
determining melting temperatures may produce slightly differing values for the same DNA 
molecule, but those values should not vary by more than about 2 or 3 °C Moreover, the 
difference between T ni L and T m H should not vary within a given method for determining 
melting temperatures. 

As defined herein, "5->3' nuclease activity' 1 or "5* to 3' nuclease activity" refers to that 
activity of a template-specific nucleic acid polymerase including either a 5'->3' exonuclease 
activity traditionally associated with some DNA polymerases whereby nucleotides are 
removed from the 5' end of an oligonucleotide in a sequential manner, (i.e., R coli DNA 
polymerase I has this activity whereas the Klenow fragment does not), or a 5 l ->3* 
endonuclease activity wherein cleavage occurs more than one phosphodiester bond 
(nucleotide) from the 5' end, or both. 

The terms "nucleic acid" and "oligonucleotide", as used herein, refer to primers, probes, and 
oligomer fragments to be detected, and shall be generic to polydcoxyribonucleotides 
(containing 2-deoxy-D-ribose), to polyribonucleotides (containing D-ribose), and to any other 
type of polynucleotide which is an N-glycoside of a purine or pyrimidine base, or modified 
purine or pyrimidine bases. There is no intended distinction in length between the term 
"nucleic acid" and "oligonucleotide", and these terms will be used interchangeably. These 
terms refer only to the primary structure of the molecule. Thus, these terms include double- 
and single-stranded DNA, as well as double- and single-stranded RNA. 

The term "sequence-specific probe** refer to probes that include fluorescer and quencher 
molecules attached to the oligonucleotide. As used herein, the terms "quenching" or 
"fluorescence energy transfer" refer to the process whereby when a f luorescer molecule and a 
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quencher molecule are in close proximity, whenever the fluorescer molecule is excited, a 
substantial portion of the energy of the excited state nonradiatively transfers to the quencher 
where it either dissipates nonradiatively or is emitted at a different emission wavelength than 
that of the fluorescer. It is well known that the efficiency of quenching is a strong function of 
the proximity of the fluorescer and the quencher, i.e., as the two molecules get closer, the 
quenching efficiency increases. As quenching is strongly dependent on the physical proximity 
of the reporter molecule and quencher molecule, it has been assumed that the quencher and 
reporter molecules must be attached to the probe within a few nucleotides of one another, 
usually with a separation of about 6-16 nucleotides, e.g. Lee ct al. Nucleic Acids Research, 
21: 3761-3766 (1993); Mergny et al, Nucleic Acids Research, 22: 920-928 (1994); Cardullo et 
al, Proc. Natl. Acad. Sci., 85: 8790-8794 (1988); Clegg et al, Proc. Natl. Acad. Sci., 90: 2994- 
2998 (1993); Ozaki ct al, Nucleic Acids Research, 20: 5205-5214 (1992); and the like. 
Typically, this separation is achieved by attaching one member of a reporter-quencher pair to 
the 5' end of the probe and the other member to a base 6-16 nucleotides away: 

Because mononucleotides are reacted to make oligonucleotides in a manner such that the 5' 
phosphate of one mononucleotide pentose ring is attached to the 3 T oxygen of its neighbour in 
one direction via a phosphodi ester linkage, an end of an oligonucleotide is referred to as the 
"5 1 end" if its 5' phosphate is not linked to the 3 f oxygen of a mononucleotide pentose ring and 
as the "3' end" if its 3 1 oxygen is not linked to a 5' phosphate of a subsequent mononucleotide 
pentose ring. 

The exact size of an oligonucleotide depends on many factors and the ultimate function or use 
of the oligonucleotide. Oligonucleotides can be prepared by any suitable method, including, 
for example, cloning and restriction of appropriate sequences and direct chemical synthesis by 
a method such as the phosphotriester method of Narang et al, 1979, Meth. Enzymol. 68:90- 
99; the phosphodiesler method of Brown ct ah, 1979, Meth. Enzymol. 68:109-151; the 
dicthylphosphoramidite method of Beaucage et al., 1981, Tetrahedron Lett. 22:1859-1862; 
and the solid support method of U.S. Patent No. 4,458,066. A review of synthesis methods is 
provided in Goodchild, 1990, Bioconjugatc Chemistry 1(3): 165-187. 

• Two single-stranded nucleic acids that are complementary except for minor regions of 
mismatch arc referred to as "substantially complementary". Stable duplexes of substantially 
complementary sequences can be achieved under less stringent hybridization conditions. 
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Those skilled in the art of nucleic acid technology can determine duplex stability empirically 
considering a number of variables including, fur example, the length and base pair 
concentration of the oligonucleotides, ionic strength, and incidence of mismatched base pairs. 

The term "PCR reagent" refers to any of the reagents generally used in PCR, namely a set of 
primers for the opposing strands of each target nucleic acid, a DNA polymerase, a DNA 
polymerase cofactor, and two or more deoxyribonucleoside-5-triphosphates (dNTP's). 

The PCR reagents described herein are provided and used in PCR in suitable concentrations 
to provide amplification of the target nucleic acid. The minimal amount of DNA polymerase 
is generally at least about J unit/100 fxl of solution, wilh from about 4 to about 25 units/100 fil 
being preferred. A "unit" is defined herein as the amount of enzyme activity required to 
incorporate 10 nmoles of total nucleotides (dNTP's) into an extending nucleic acid chain in 30 
minutes at 74 °C. The concentration of each primer is at least about 0.025 /xmolar and less 
than about 1 jimolar with from about 0.05 to about 0.2 mmolar being preferred. All primers 
arc present in about the same amount (within a variation of 10% of each). The cofactor is 
generally present in an amount of from about 1 to about 1 5 mmolar, and each dNTP is 
generally present at from about 0,15 to about 3.5 mmolar in the reaction mixture. The volume 
exclusion agent is present in an amount of at least about 1 weight percent, with amounts 
within the range of from about 1 to about 20 weight % being preferred. As used in defining 
the amounts of materials, the term 'about 11 refers to a variation of +/-109& of the indicated 
amount. 

The PCR reagents can be supplied individually, or in a buffered solution having a pH in the 
range of from about 7 to about 9 using any suitable burfer. Thus, a reaction mixture for PCR 
can contain a set of primers for each target nucleic acid such as low copy target nucleic acid, a 
set of primers for each high copy target nucleic acid, optional sequence-specific probes, 
suitable dNTP's, a thermostable DNA polymerase, a cofactor for the DNA polymerase, one or 
more volume exclusion agents, and any other addenda that one skilled in the art would 
consider useful in the amplification or eventual detection of the target nucleic acids. 

The term "primer" refers to an oligonucleotide, whether natural or synthetic, capable of acting 
as a point of initiation of DNA synthesis under conditions in which synthesis of a primer 
extension product complementary to a nucleic acid strand is induced, i.e., in the presence of 
four different nucleoside triphosphates and an agent for polymerization (i.e., DNA 
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polymerase or reverse transcriptase) in an appropriate buffer and at a suitable temperature. 
Oligonucleotide analogues, such as "peptide nucleic acids' 1 , can act as primers and are 
encompassed within the meaning of the term "primer" as used herein. A primer is preferably a 
single-stranded oligodcoxyribonucleotide. The appropriate length of a primer depends on the 
intended use of the primer but typically ranges from 6 to 50 nucleotides. Short primer 
molecules generally require cooler temperatures to form sufficiently stable hybrid complexes 
with the template. A primer need not reflect the exact sequence of the template but must be 
sufficiently complementary to hybridize with a template. Primers can incorporate additional 
features which allow for the detection or immobilization of the primer but do not alter the 
basic property of the primer, that of acting as a point of initiation of DNA synthesis. For 
example, non-complementary sequences can be located at the ends of the primer to provide 
restriction enzyme cleavage sites useful in the cloning of an amplified sequence. 

The term "reaction mixture" refers to a solution containing reagents necessary to carry out a 
given reaction. An "amplification reaction mixture", which refers to a solution containing 
reagents necessary to carry out an amplification reaction refers , as used herein, to an aqueous 
solution comprising the various amplification reagents used to amplify a target nucleic acid. 
The reagents include primers, enzymes, aqueous buffers, salts, target nucleic acid, and 
deoxynucleoside triphosphates (both conventional and unconventional). Depending on the 
context, the mixture can be cither a complete or incomplete reaction mixture. A "PCR 
reaction mixture" typically contains oligonucleotide primers, a thermostable DNA 
polymerase, dNTP's, and a divalent metal cation in a suitable buffer. 

A reaction mixture is referred to as complete if it contains all reagents necessary to enable the 
reaction, and incomplete if it contains only a subset of the necessary reagents. It will be 
understood by one of skill in the art that reaction components arc routinely stored as separate 
solutions, each containing a subset of the total components, for reasons of convenience, 
storage stability, and to allow for independent adjustment of the concentrations of the 
components depending on the application, and, furthermore, that reaction components arc 
combined prior to the reaction to create a complete reaction mixture. 

A typical PCR reaction mixture according to the invention minimally contains one or more 
sets of primers for the target nucleic acids., a thermostable DNA polymerase (as defined 
above), a plurality of dNTP's (such as the conventional four dNTP's) and one or more water- 
soluble or water-swellable, nonionic, polymeric volume exclusion agents. 
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As used herein, the term "probe" refers to a labeled oligonucleotide which forms a duplex 
structure with a sequence m the target nucleic acid F due to complementarity of at least one 
sequence in the probe with a sequence in the target region. The probe, preferably, does not 
contain a sequence complementary to scqucncc(s) used to prime the polymerase chain 
reaction. Generally the 3' terminus of the probe will be "blocked" to prohibit incorporation of 
the probe into a primer extension product. "Blocking" can be achieved by using non- 
complementary bases or by adding a chemical moiety such as biotin or a phosphate group to 
the 3 1 hydroxyl of the last nucleotide, which may, depending upon the selected moiety, serve a 
dual purpose by also acting as a label for subsequent detection or capture of the nucleic acid 
attached to the label. Blocking can also be achieved by removing the 3-OH or by using a 
nucleotide that lacks a 3-OH such as a didcoxynucleotide. 

The terms "target sequence" and "target nucleic acid sequence", as used herein, refer to a 
region of the oligonucleotide which is to be amplified, detected, or both. The target sequence 
resides between the two primer sequences used for amplification. 

The term "target nucleic acid" refers to nucleic acid that can be obtained from various sources 
including plasmids, and naturally occurring DNA or RNA from any source (such as bacteria, 
yeast, viruses, plants, higher animals or humans). It may be extracted from various tissues 
including blood, peripheral blood mononuclear cells (PBMC), other tissue materials or other 
sources known in die ait using known procedures. The present invention is particularly useful 
for the co-amplification and detection of nucleic acid sequences found in genomic DNA, 
bacterial DNA, proviral DNA, fungal DNA, viral RNA, or DNA or RNA found in bacterial or 
viral infected cells, animal cells, plant cells or human cells. 

Various procedures are known in the art, including those described by Laure et al. in The 
Lancet, pp. 538-540 (Sept. 3, 1988), Maniatis et al., Molecular Cloning: A Laboratory 
Manual, pp. 280-281 (1982), Gross-Belland et al in Eur. J. Biochem., 36, 32 (1973) and US- 
A-4,965,188 (noted above). Extraction of DNA from whole blood or components thereof are 
described, Tor example, in EP-A-0 393 744, Bell et al, Proc. Natl. Acad. Sci. USA. 78(9), pp. 
5759-5763 (1981), Saiki et al, Bio/Technology, 3, pp. 1008-1012 (1985) andUS-A-5,231,015 
(Cummins et al.). The particular extraction procedure is not essential to the practice of the 
present invention. 
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Since the target nucleic acid to be amplified and detected is usually in double strand form, the 
two strands must be separated (that is, denatured) before priming can take place. This can 
occur during the extraction process, but preferably, it occurs in a separate step afterwards. 
Heating to a suitable temperature (identified as "first temperature") is a preferred means for 
denaturation. Generally, this first temperature is in the range of from about 85 to about 100 °C 
for a suitable time, for example from 1 to about 240 seconds (preferably 1 to about 40 
seconds). This initial denaturation step can also be included in the first amplification cycle. In 
such instances* denaturation may be longer in the first cycle (for example, up to 240 seconds) 
whereas later cycles can have much shorter denaturation steps (for example, up to 30 
seconds). 

The term "thermostable DNA polymerase" refers to an enzyme that is relatively stable to heat 
and catalyzes the polymerization of nucleoside triphosphates to form primer extension 
products that are complementary to one of the nucleic acid strands of the target sequence. The 
enzyme initiates synthesis at the 3* end of the primer and proceeds in the direction toward the 
5' end of the template until synthesis terminates. Purified thermostable DNA polymerases can 
be selected from the genera Thermus T Pyrococcus Thermococcus and Thermotoga, preferably 
Thermus aquaticus, Pyrococcus furiosus, Pyrococcus woesei, Pyococcus spec, (strain 
KOD1), Pyrococcus spec. GB-D, Thermococcus Litoralis Thermococcus sp. 9.degree. N-7, 
Thermotoga maritima, Pyrococcus spec. ES4 (endeavori), Pyrococcus spec. OT3 (horikoshii), 
Pyrococcus profundus, Thermococcus stettcri, Thermococcus spec. AN1 (zilligii), 
Thermococcus peptonophilus, Thermococus celer and Thermococcus fumicolans. 
The term "thermostable enzyme" refers to an enzyme that is relatively stable to heat. The 
thermostable enzymes can withstand the high temperature incubation used to remove the 
modifier groups, typically greater than 50 °C, without suffering an irreversible loss of activity. 
Modified thermostable enzymes usable in the methods of the present invention include 
thermostable DNA polymerases and thermostable ligases. 

The term "test specimen" refers to cellular or viral material, hair, body fluids or other 
materials containing genomic DNA or RNA which can be detected. 

The terms "upstream" and "downstream", as used herein, refer to the location of the primer 
binding sites along the target sequence. The upstream primer hybridizes to the non-coding 
strand of the target sequence, and therefore forms the 5 1 end of the amplified sequence which 
is a subsequence of the coding strand of the target sequence. Similarly, the downstream 



r 
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primer hybridizes to the cc ding strand of the target sequence, and therefore forms the 5 1 end 
of the amplified sequence which is a subsequence of the non-coding strand of the target 
sequence. 

The term "volume exclusion agent", as defined Herein, refers to one or more water-soluble or 



watcr-swellable, nonionic, 



polymeric volume exclusion agents. 



The volume exclusion agehts are polymeric, meaning that they typically comprise a plurality 
of repeating units, and generally have an average molecular weighL or from about 1000 to 
about 2,000,000 daltons, with a molecular weight in the range of from about 3000 to about 
500,000 daltons being preferred. j j 



Useful classes of materials! which can he used as! volume exclusion agents in the practice of 
this invention include, butjare not limited to, polyethers, reaction products of a simple sugar 
(such as dexLrose or glucose) with epichlocohydnn, polysaccharides, polyac'rylates and similar 
materials readily apparent to one skilled in the art. j 
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According to the inventioq polyethers are preferred. They can be generally represented by the 



formula: 



! ! 
H-(-0-R-) a -H 

; i 
i 



to 6 carbon atoms -r- branched or unbranched - and n is an integer 



wherein R is alkylene of 1 
of 15 to 1000 (weight average basis). For example, R;can be 1 ,2-ethylene, 1,2-propylene, 2- 
hydroxyl,3-propylcnc, S-iydroxy-l^-propylenp, 1,4-butylene, 1,3-butylene, 1,2-hexylene 
and other divalent alkylent* groups which wouldjbe readily apparent to one skilled in the art. 
Preferably, R is 1,2-ethylene or 1 ,2-propylene asjin polyethylene oxide) or poly (propylene 
oxide), which are commonly known us poly(ethylcncj glycol) and poly (propylene glycol), 
respectively. j . j 

l i • 

! t 

! . • 

In the noted formula, the integer "n" represents the weight average molecular weight of the 
compound divided by the iinonomcric unit molecular Weight. For the preferred compounds 
noted in the preceding paragraph, the average molecular weights are at least about 1000, 

preferably at least about 3000, and generally up to about 20,000. One skilled in the art can 

i ! 

readily determine the appropriate V number of unitsj for a given compound and compound 
weight. Generally, n is an integer of from 15 to lOOOJ As used in defining the molecular 
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refers to a vuriance of i+M0%. 



is; 



i 



The volume exclusion agent is used in an amoutit of i%-20%, preferably 1-15%, most 
preferably 1-8 % by weight. 

Most preferred is a poly(ethylenc glycol) having an average molecular weight about 8000 
(PEG 8000) is used in an amount of l%-20%, preferably 1-15%, most preferably 1-8% by 
weight. 

Also included within the definition of polyethers are condensation products of ethylene oxide, 

propylene oxide or other alkylene oxides or various moieties such as diols, triols, sugars or 

acids, including polyglycidols. Such materials are well known in the art as iionionic 

surfactants or detergents a id may be useful in the present invention provided the requisite 

water solubility or water swellability parameters; are inet. 

1 i 
] ! 

Another preferred volume exclusion reagent according to the invention is dextran. Dextran is 

a bacterial byproduct; the dextran macromolecule consists of end-to-end linked glucan 

I ' 

groups. Biosynthesis of dextran has been demonstrated in numerous bacteria, especially in 

i i 

Streptococcus mutans, Leuconostdc mesenteroides ssp. mesenteroides and Leuconostoc 

mesenteroides ssp. dextranicum. Different molecularjweights can be generated by limited 

■; i 

hydrolysis and fractionation of the molecule. For example the native, high molecular dextran 
(M r 1.5 x 10 4 - 5 x 10 7 , which is built up from a-jD-glucosc can be hydrolysed - after a 
purification by precipitation with methanol or acetone - under acid conditions at temperatures 
in range of 100 °C to moldcular weight fractions in tfje range of 40.000 to 60:000 [RSmpp, 
Lexikon der Biochemie und Molekularbiologie, jGeorg Thicme Verlag, Stuttgart, 2000, and 
literature cited therein), j I j 



Nonionic polysaccharides 



readily apparent to one skilled in the an. 



useful in the practice of this invention include glycogen and others 
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Examples of useful polyacrylates include, but are not! limited to, poly(hydroxyethy! aerylale), 



pol y (2 ,3 -dihydroxy propyl 
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! ! 

The amplification method jof this invention is preferably conducted in a continuous, 

I i ; 

automated manner so ihat the reaction mixture is temperature cycled in a controlled manner 

for a desired number of tiffies. A number of instruments have been developed for tiiis purpose, 

as one of ordinary skill in the art would know. Preferably, the instrument used will also be 

I j ! 

programmable for both primary and secondary amplification cycles. 



One such instrument for this purpose is described in ^orae detail in US-A-4,965,188 and EP- 

i j > 

A-0 236,069. Generally, this instrument includes a heat conducting container for holding a 

number of reaction tubes containing reaction mixture', a means for heating, cooling and 



temperature maintenance, &nd a computing means to generate signals to control the 

\ \ 

amplification sequence, changes in temperature and timing. 

I i 

EP-A-0 402 994 provides details of useful chemical test packs which can be processed using 

the instrument described in US-A-5,089,233 (D^vaney, Jr. et al.), incorporated herein by 

! j ; 

reference. Also described therein are means for heating and cooling the test pack at repeated 

! \ j 

intervals (that is, through qycles) appropriate for| the method of the present invention. Further 
details regarding useful PCJR processing equipment c£m be obtained from, die considerable 
literature in the field, and would be readily known by one skilled in the art. 

I | I 

Besides chemical test packs described above, the method can be carried out in other 
containers such as diose described in more detail in US-A-4,902,624 (Columbus et al), US-A- 
5,173,260 (Zander et al) and US-A-5, 229,297 (Sphnipelsky et al), all incorporated herein by 
reference, and any other suitable container which is readily apparent to one skilled in the art. 
Such test packs are also known as self-contained test :de vices which have separate 
compartments for various ieagents used in the method of this invention. The compartments 
arc appropriately connected so reagents and assay solutions can be brought into contact with 
the capture reagent at appropriate times without Opening the device. 



Detection of amplified projducts can be accomplished using any known procedure, including 
Soudicrn blotting techniques, as described in USl-A-4;,965,l88 (noted above), or by use of 



labeled probes or primers, 



as is known in the ait/ 
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products. Procedures Tor attaching labels to oligonucleotides are well known. Useful labels 
include enzymes, ferritin ijnd other magnetic particles, cleavablc masstags, radioisotopes, 
chemj luminescent reagents (for example, luminol), biotin and various fluorogens and 

I : 

chromogens. Useful enzyme labels include glucose oxidase, peroxidase und ulkalinc 
phosphatase. Substrates and dye providing reagents for various labels, such as enzymes, are 
also known. 



Preferred is the detection of PCR products by fhjorcscense using intercalating fluorescent 
dyes such as ethidium bromide or SYBR Green^ and; employing fluorescent labelled 
sequence-specific probes or fluorescent labelled {primers. 



It is also possible that one of the primers ufeai:hj prirner set used in the method is labeled with 

a specific binding moiety. jThis moiety can be thfe same or different for various primers, and 

• ' • i ! j 

include any molecule for Which there is a specific binding receptor which reacts specifically 

i 1 

with that moiety. Examples of specific binding pairs (one of which can be the label) include, 

i ^ ' ■ 

but are not limited to, strerjtavidin/biotin, sugar/lectin, antibody/hapten, antibody/antigen and 

others readily apparent to One skilled in the art. The receptor molecule is then conjugated with 

i ! 

a suitable detectable label moiety such as an enzyme,»radioisotope or others described above 
for oligonucleotides. 

More preferably, one or be th primers of each prijrner ?et are labeled with biotin (or an 

equivalent derivative thereof), and the amplified jproduct is detected using a conjugate of 

I i 5 

streptavidin and an enzymfc, such as horseradish peroxidase. 
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Most preferred, however, are primers carrying a 'fluorescent dye 



In heterogeneous detect! oil systems of this invention, 'the amplified products are captured on, a 

i • * « . 

water-insoluble substrate cjf some kind, and the other -materials in the reaction mixture arc 

i ! 

removed in a suitable manner, such as by nitration, centriiugation, washing or another 
separation technique. 

Capture probes can be attached to watcr-insolublje supports using known attachment 

i I I 

techniques (including absorption and covalent reactions). One such technique is described in 

KP-A-0 439 222 (published September 18, 1991)| Other techniques arc described, for example, 
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in US-A-4 ,7 13,326 (Daua£upta et al), US-A-4,9;14,210 (Lcvenson et al) andEP-B-0 070 687 
(published January 26, 1983). Useful separation jmcans include filtration through membranes 

such as polyamide microporous membranes conimcrbially available from Pall Corporation. 

i ! 

I i ■ ; 

However, any useful solid support can be used to anchor the capture probe and eventual 

i i 

hybridization product, including microti ter plates, test tubes, beakers, magnetic or polymeric 

' * i * : 

particles, metals, ceramics! and glass wool to na*ne ajfew. Particularly useful materials are 

■ \ i 

magnetic or polymeric particles having reactive groups useful for covalently attaching the 

capture probe. Such particles are generally fromjabout 0.001 10 about 10 fim meters. Further 

details about examples of ^uch materials arc provided in US-A-4,997,772 (Sutton et al), US- 



A-5, 147,777 (Sutton et al) 
al), all incorporated heiein 



US-A-5,155,166 (Danielsjon et al) and US-A-4,795,698 (Owen et 
by reference. ] | 



The capture probe can be affixed to a flat support such as a polymeric film, membranes, filter 

papers, or resin-coated or uncoated paper. Captuire probe affixed to polymeric particles can 

! I ! 

also be immobilized on such flat supports in a suitable manner, for example, as dried deposits, 

I i f 

or adhered by heal fusion 6x with adhesives. The! capture probe can be affixed, for example, to 

a flat support in the self-contained test device of this invention. Other details of such materials 

are provided in EP-A-0 40& 738 (published January 23, 1991), WO 92/16659 (published 

October 1, 1992) and US-A-5,173,260 (Sutton et al). j 



The capture probes can be [arranged on a suitable support in any configuration, for example 



rows of round deposits or Stripes. 



s 



The present invention can idso be used in what are known as "homogeneous" amplification 

' i 

procedures in which multiple target nucleic acids arc simultaneously detected without the 
need for capture reagents. The details of such assays are known in the art, such as EP-A-0 4.87 
218 (published May 27, 19|92) and EP-A-0 512 3;34 (published November 11, 1992). 



The amplification reaction !com position of this invention can be included as one individually 

i i i 

packaged component of a kit usclul for various amplification assays. The kit can include other 

I [ i 

reagents, solutions, equipment and instructions useful' in die method of this invention, 



including capture reagents 



immobilized on a water-insoluble substrate, wash solutions, 



extraction solutions, detection reagents and other materials readily apparent to one skilled in 
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1 i 

are overcome with a method for the coainplifieaiion of two or 

\ \ i 

more target nucleic acids, the method comprising at least IS primary amplification cycles, 

each primary amplification cycle - as it is described by U.S. Patent No. 5,705, 366 which is 



incorporated by reference 



comprising the sequential steps of: 



A) heating a reaction mixture of two or more target nucleic acids, or their primer extension 

products, at a first tempcrqture, T u for denaturatjon of the strands of the target nucleic acids 

I * 

or their primer extension products, i j 

! i 
| i 

B) priming the denatured s trands with a set of unmodified or modified (e.g. carrying a 

fluorophore moiety) primers specific to and hybridizable with opposing strands of each target 

| i j 

nucleic acid to be amplified, by cooling to a second temperature, T 2 , and 

I ■ I 

! it 

C) either as a continuation' of step B) or in a separate step, forming primer extension products 

in a reaction mixture of YGR reagents, by incubation at a third temperature, T3, provided that 

i ! 

when priming and primer extension product formation are carried out in the same step, T2 and 
T 3 are the same. 



. 1 

wherein the reaction mixture in at least one of thp primary amplification cycles comprises 

I ' • 

from 1 to 20 weight %, preferably 1 to 15 weight %,!most preferably 1 to 8 weight %, of a 

\ ; 

nonionic, polymeric volume exclusion agent. I j 

! ! 

This invention also provides a method for the coamplification of two or more target nucleic 
acids and detection of one "of more of the target rjucleic acids, the method comprising at least 
15 primary amplification cycles, each primary amplification cycle comprising the sequential 
steps of: 

i « . 

A) heating a reaction mixture of two or more target nUcleic acids, or their primer extension 

products, at a first temperature, Tj, for denaturatipn of the strands of the target nucleic acids 
or their primer extension products, 

1 

B) priming the denatured s brands with a set of pri.merjj specific to and hybridizable with 
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! 1 

opposing strands of each target nucleic acid to be amplified, by cooling to a second 

i i ! 

temperature, T 2 , ! i 

I i 

t t 

! : 

C) either as a continuation of step B) or in a separate istep, forming primer extension products 
in a reaction mixture of PCR reagents, by incubation ! at a third temperature, T3, provided that 
when priming and primer Extension product formation are carried out in the same step, T 2 and 
T3 are the same r 

wherein the reaction mixture in at least one of the primary amplification cycles comprises 

j i . 

from 1 to 20 weight %, preferably 1 to 15 weight %,!most preferably 1 to 8 weight %, of a 
nonionic, polymeric volume exclusion agent, and, 



D) after the last primary amplification cycle, detecting one or more of the primer extension 

products as an indication of one or more of the targetjnucleic acids. 

j 

I 

Moreover, an amplification reaction composition which is buffered to a pH of from about 7.5 
to about 9, comprises: 

one or more sets of primer<>. 



a thermostable DNA polymerase, 
a plurality of dNTP's, and 



1 to 20 weight %, preferably 1 to 15 weight %, rnostlprcfcrably 1 to 8 weight %, of a 
nonionic, polymeric volurne exclusion agent. j I 

, ! i 

Additionally, this invention provides a process comprising the sequential steps of: 

I * j i 

1 ; j 

A) heating a reaction mixture of two or more target nucleic acids, or their primer extension 

! » • 

products, at a first temperajLure, T|, for denaturation of the strands of the target nucleic acids 

or their primer extension products, ! j 



B) priming the denatured strands with a set of unmodified or modified (e.g. carrying a 
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fluorophore moiety) primers specific lo and hybridizable with opposing strands of each target 
nucleic acid to be amplified, by cooling to a second temperature, T2, and 



C) either as a continuation 



of step B) or in a separate step, forming primer extension products 



in a reaction mixture of PCR reagents, by incubation |at a third temperature, T 3 , provided that 
when priming and primer extension product forrhaiioh are carried out in the same step, T2 and 
T3 arc the same, 



wherein the reaction mixture in at least one of the pri|nary amplification cycles comprises 

1 i 

from 1 to 20 weight % 7 prieferably 1 to 15 weight %,|most preferably 1 to 8 weight %, of a 
nonionic, polymeric volume exclusion agent and a sequence specific probe which binds 



within the primer binding 



egioas and which generates a fluorescent signal after hybridisation. 



This invention also provides a method for the coamplification of two or more target nucleic 

j I : : 

acids and detection of onejof more of the target ijiucleic acids, the method comprising at least 
15 primary amplification cycles, each primary amplification cycle comprising the sequential 
steps of; 

A) heating a reaction mixture of two or more target nUclcic acids, or their primer extension 
products, at a first temperature, Tu for denaturatjon of the strands of the target nucleic acids 
or their primer extension products, 



B) priming the denatured strands with a set of primers specific to and hybridizable with 

! j 

opposing strands of each target nucleic acid to be amplified, by cooling to a second 
temperature, T 2 , 



C) either as a continuation of step B) or in a separate step, forming primer extension products 
in a reaction mixture of PCR reagents, by incubation 'at a third temperature, T 3 , provided that 
when priming and primer extension product formation are carried out in the same step, T2 and 
T3 are the Same, 



wherein the reaction mixture in at least one of this primary amplification cycles comprises 

• i 

from 1 to 20 weight %, preferably 1 to 15 weight %/most preferably 1 to 8 weight %, of a 

i I : 

nonionic, polymeric volume exclusion agent, and a sequence specific probe which binds 
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regions and which generates a fluorescent signal after hybridisation, 



D) in the course of the reaction in each amplification. cycle or in an amplification cycle after 

j } ! 

the last primary amplification cycle, detecting ope or more of the primer extension products as 

an indication of one or more of the target nucleic acids. 



! \ 5 ■ * 

Moreover, an amplificatioh reaction composition which is buffered to a pH of from about 7.5 

to about 9, comprises: 



one or more sets of primerp, 
a thermostable hot-start DNA polymerase, 
a plurality of dNTP's, and 

! i 

1 to 20 weight %, preferably 1 to 15 weight %, inost: preferably 1 to 8 weight %, of a 
nonioriic, polymeric volume exclusion agent and a sequence specific probe, which binds 
within the primer binding Regions and which generates a fluorescent signal after hybridisation. 

II 

A kit of llns invention comprises, individually packaged or as a mixture having all or a part of 
the components: 



a) an amplification reaction composition buffered to a pH of from about 7.5 to about 9 and 

■ .1 i 

comprising: . i . i 



optionally one or more set£ of primers, 

i 
i 

! 

i 

a thermostable hot-start DNA polymerase, 
a plurality of dNTFs, and 



1 to 20 weight %, preferably 1 to 15 weight %, most preferably 1 to 8 weight %, of a 

j . ! 

rionionic, polymeric volume exclusion agent, j ! 
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b) a capture reagent comprising an oligonucleotide iriimobilized on a water-insoluble 
substrate. 

i 

i 

i 

Still further, a self-contained test device comprises, in separate compartments: 

a) an amplification reaction composition buffered to a pH of from about 7.5 to about 9 and 
comprising: 

i ! 

\ \ 

one or more sets of primers 
a thermostable liot-start DijjA polymerase, 
a plurality of dNTP's, and 

1 to 20 weight %, preferably 1 to 15 weight %, most preferably 1 to 8 weight %, of a 

i i 

nonionic, polymeric volume exclusion agent, and, ! 

. 1 \ 

b) a capture reagent comprising an oligonucleotide immobilized on a water-insoluble 

i i : 

substrate, the compartments being connected in the test device so that the amplification 

j \ i 

reaction composition can b|e brought into contact with the capture reagent after amplification 

j ! I 

Without opening the test device. ' j ! 



The present invention provides a very rapid and efficient method for preferentially amplifying 
a nucleic acid in a mixture 
For example, the invention 



of one or more other nucleic acids which are being coamplified. 

■: i ■ 

can be used to preferentially amplify and detect a low copy target 



nucleic acid over amplifiec high copy target nucleic acids. In such instances, the inhibition of 
low copy target nucleic acid amplification by the| high copy target nucleic acid, is reduced. Tn 
other instances, the invention can be used to manipulate the amplification of one target 
nucleic acid over the others for various reasons. In yet another example, co-amplification of 
target nucleic acids can be efficiently achieved even vyhen the amplification of one or more 

i 

target nucleic acids is preferred for reasons such as PGR product size and differences in 

p » * 

efficiency of primer bindin 



;i and extension. 
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The advantages of this invention axe achieved by including a water-soluble or water- 

swell able, nonionic, polymeric volume exclusion agent within the amplification reaction 

i i • 

mixture in at least one amplification cycle. The presence of this ugent effectively allows the 

! ; ! 

user to reduce the amount jof primer needed for efficient amplification of the nucleic acids, 

! | | • ■ 

allowing efficient coamplijfication in the presence of primer concentrations which can be as a 
rate limiting reaciani or even in the presence of equimolar primer concentrations.. 

! I- j 



In addition, the volume exclusion agent also increases the rate of renaturation of the 

i ' } ! . 

amplification reaction products which further reduces amplification efficiency for high copy 

I • 
target nucleic acids compared to the low copy target nucleic acids. 

i ! • • ■ 

i 



Materials and methods 



* Li 



The primers used in the examples are specific for the -murine genomic loci of PKC, SLP-65, 

I i i / 

ILGFMAR, c-ros, ff-ras, fUs, CD19 and CDS und have the sequences given in table 1: 

i - { ■: " 

I . s « 
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Table 1: Primer sequence 


i i 

1 i 

i 1 

i j 

i ; • 
i j 

28 j 

i 1 

I 1 

J j 
1 } 

i ; 

s and PCR product size j 

| ; 


Primer sequence 




i ; 

Primer name . 


Product size 


\ GL-C0ntent 
PCR product 








Ibpl 




GCT GCT TGA AGA AAC GAG CGG TG 


MPKC-3' i 


1932 


55,0 


CTG CAC C IT CTG GAA f TC CGA CTC 


MPKC-5' ! 


ATGTGGTCCCTGTGGA \Q\TA ACGA 
GCGACATGTGCTTTGAGGAACTGTT 


MslpiiS-5' i 
Mslp[<f3-3*! 


[ 1350 


i 45 


ATCCTCCTTCTATAGTCTGTCCAAGAGT 
AG ! 


| j 
MILGFMAU2.5' 


332 '" 


18,7 


CCTCCAGAAAAAGCTAGATACTAACCTT 


M1LGFMAK2-3' 


ATC AGG TGC GAA TGT TCG CTC G 


Mc-fos-5' ! 


477 


61,4 


CTC GCT GCA GTC GCG GTT GGA G 


Mc-fOs-3* * 


TTGGGTTTGCAGGAATTCCAA 

G TTTCTAAGGCACCCATf CGATACAC 


MN-RAS-S' 
MN-RAS-3* 


192 


46,4 


C G CC T GTGC A GT GGTGA jGTC A GTG 
ACtGGATTGAACCTCGGAGGGTCG 


Mfss\S J i 


1077 


52,4 


ACAGTGAACGTGGAGGAlAGTGGTG 
CCCAAGGCTTAGGCTCA^TAGTGA 


Ma>i9-s'i ! 

^VlCl>19-3'i 


750 




AGATTATGGACTTCCAGCCCGTACAC 

gtacccagtaccggcagXgactcac 


MCD5-3* ! 


623 


57,1 



1035/052 



PCR was carried out using an automated MJ Research PTC-200 Thennocycler. 

i ! • . 

HotStaiTaq (commercially available from QIAGEN,jHilden, Germany) was used Hot-start 

i | 

DNA polymerase. This polymerase can be oblained according to European Patent Application 
No. 99 1 10 426 corresponding to U.S. Patent No. 6,1,83,998 which are incorporated by 
reference. As template was used mouse genomic DNA from N1H 313 cells. 

! ■ ! ! 

ill 

All reactions are carried ok in a reuction buffer (containing Tris-HCK pll 8.7, potassium 
chloride, ammonium sulphate, magnesium chloride, each dNTP, 2.5 U of the indicated hcat- 
stable DNA polymerase arid 0-2 /xM of each of the forward and reverse primers given in 
Table 1. 



Commercially available P£G-8000, a poly(cthylene glycol) having a molecular weight of 

j I i 

about 8000 Dalton was used as volume excluding agent. 



Also a commercially 
Sigma) having an average 
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available Dcx tran (from Leuconostoc mesenteroides, obtained from 

i j 

molecular weight of 35.000 - 45.000 Dal ion was used. 



Tabic 2 



29! 



HotStatTaq 



Dextran [wt^%] 


0% 


1% 

I ' 

i 


3% i 


6% 


t^IOuUCL SlZC 


signal 


1 ■ i 
signal fold increase*;; 

i : 


i fold 
signal 

! increase* 
I l 


fold 

signal 

increase* 


1953 


9 


19 

» 
J 


2,1 1 


42 i. 


4,61 


55 


6,06 


1350 


35 


48 


1,37 


68 j 


1,93 


78 


2,21 


1077 


42 




1.17 


50 j 


1,18 


46 


1.10 


750 


84 


86 

i 


1,03 


89 | 


1,06 ; 


94 


1,13 


623 


59 


65 

[ 


1,11 


57 ; 


0,97 


54 


0,91 


477 


93 


92 

t 


0,98 


97 i 


1,04 


97 


1,04 


332 


10 


14 

j 


1,47 


27 ! 


2.84 


43 


4,53 j 


192 


28 


32. 

i 


1,13 


36 1 

I 
i 


1,27 


40 


1,43 



0% Dextran 



Taq 



Dextran [wt-%] 


0% 


1°, 




3% i 

i 


6% 


Product size 


signal 


sij 

1 


;nal fold increase* 


fold 

signal 

! increase* 


fold 

signal 

j increase* 


1953 


NX). 


N|D. 


N.D. 


N.D; 

i 


N.D. 


N.D. 


N.D. 


1350 


N.D. 


NjD. 


N.D. 


N.Dj 


N.D. 


N.D. 


N.D. 


1077 


N.D. 


N|D. 


ND. 


N.D] 


N.D. 


N.D. 


N.D. 


750 


28 


9| 


0,32 


10 > 

i 


0,36 


12 


0,43 


623 


N.D. 


N- 

1 


D. | 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


477 


28 


48 

' 




1,70 


48 j 

i 


1,70 


42 


1,48 


332 


N.D. 


N. 


D. 


N.D. 


N.D.- 


N.D. 


N.D. 


N.D. 


192 


N.D. 


N 


D. 


N.D. 


N.D.; 


N.D. 


N.D. 


N.D. 


* fold increase compared t 
0% Dextran 
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HotStarTaq 



30 



PEG-8000 [wt-%] 


0% 


1% 


3% j 


6% 


Product size 


signal 


signal fold increase* j 


i 

signal fold increase* 

■ ! 

; 


fold 

signal 

increase* 


1953 


4 


17 


4,08 ; 


38 ! 


9,11 


50 


12,08 


1350 


13 


29 


2,19 


46 ! 


3,46 


64 


4,87 


1077 


24 


27 


1,10 


25 ! 

J 


1,04 


19 


0,78 


750 


62 


71 


1.16 


78 j 


1,26 


86 


1,40 


623 


41 


38 

i 


0,93 


30 j 


0,74 


20 


0,48 


477 


89 


92 


1,04 


92 ; 


1,04 


46 


0,52 


332 


3 


7 

f 


2,38 


19 | 


6,21 


35 


11,15 


192 


20 


P 


1,17 


30 j 


1,51 


31 


1,58 



PEG-8000 



Taq 



PEG-8000 [wt-%] 


0% 


i% 


3% ; 


6% 


Product size 


signal 


Signal fold increase* 


signal fold increase* 


signal fold increase* 


1953 


N.D. 


N.D. 


N.D. 


N.Di 

i 


N.D. 


N.D. 


N.D. 


1350 


N.D. 


N;D. 


N.D. 


n.dj 


N.D. 


N.D. 


N.D. 


1077 


ND. 


N.D. 

j 


N.D. 


n.d.; 


N.D. 


N.D. 


ND. 


750 


N.D. 


N.D. 

i 


N.D. 


N.D.; 


N.D. 


N.D. 


N.D. 


623 


N.D. 


N.D. 


N.D. 


N.D.; 


N.D. 


N.D. 


N.D. 


477 


5 


i4 

j 


2,55 


9 1 


1,65 


6 


1,13 


332 


N.D. 


N.D. 


N.D. 


ND.j 


N.D. 


N.D. 


N.D. 


192 


N.D. 


RD. 

i 
i 


N.D, 


N.D. 1 


N.D. 


N.D. 


ND. 



PEG-8000 



I 

i 
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These results clearly demonstrate chat the combined use of u volume excluding reagent and a 

hot-start polymerase in eorampliftcation reactions results in dramatically increased product 

i « 

yield of PCR products, that show poor amplification in the absence of the volume excluding 
reagent. The same effect was also observed witli hot start enzymes which ure either 
temporarily chemically activated such as HotStarTaq (QIAGEN) as well as with antibody- 

: i 

blocked enzymes (data not shown). Negative effect of the volume excluding reagent on PCR 
products, that are already generated at sufficientj yield in absence of the volume excluding 
reagent were not detectable (Fig 3B, lower panels), lri contrast, PCR efficiency of samples 
containing a standard Taq -polymerase (Qiagen) Without hot-start showed poor amplification 

efficiency, independent if hie volume excluder Was present or not. Only one of the 8 PCR 

' • i ■ i * 

products was detectable at| alK \ j 



Examples and reaction conditions arc described below to demonstrate the course of the 

i j ! 

invention in practical use. [These examples demonstrate the Multiplex PCR enhancing effect 

of volume excluding reagejnts which specifically) improves PCR in combination with a hot- 

j ' : > 

start DNA polymerase. However, the examples of the present invention presented below are 

provided only for illustrative purposes and not to limit the scope of the invention. Numerous 

I I i 

embodiments of the invention within the scope qf the claims that follow the examples will be 

! 1 ! 

apparent to those of ordinary skill in the art from reading the foregoing text and following 



are by weight unless btherwise noted. 



examples- All percentages 

Examples 
Examples 1 and 2: 



! : 

The effect of the combination of a hot-start DNA polymerase and a volume excluding reagent 

i ; 

on multiplex PCR was studied in a reaction containing 8 different primer pah's specific for the 
murine genomic loci of PI^C, SLP-65, ILGJFMAR, c-i'os, N-ras, fas, CD19 and CDS (see 
Table 3, referred to as 8-pIex PCR) that yield in FCRjproducts of distinguishable size (Table 
3) using 10 ng of mouse gnomic DNA from NIH 3T3 cells as template. The PCR cycling 
protocol consists of an init al denaturation/hot-stjirt polymerase activation step [15 min 95°C 
for HotStaiTaq (QIAGEN), 2 min 95°C for standard taq polymerase (QIAGEN)] and 35 
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cycles (30 sec 94°C, 45 sejc 6l°C, 90 sec 72°C) and a final extension step (15 min 68°C). PCR 

! i i 

was performed in a MJ Research PTC-200 therniocycier. 



AH reactions were performed in a final volume of 50 ^1. Duplicate reactions were curried out 
in a reaction buffer containing Tris-HCl, pH 8.7) potassium chloride, ammonium sulphate, 
magnesium chloride, each dNTP, 2.5 U of the indicated heat-stable DNA polymerase and 
0.2 fiM of each of the forward and reverse primers given in Table 1. Additionally, different 
concentrations of volume excluding reagent were added to the reactions. 
Reactions in Example 1 additionally contained 0, 1, 3 or 6 wt-% of Dextran with average 
MW 35.000-45.000 Dalton as indicated. Reactions in Example 2 contained 0, 1, 3 or 6 wt-% 
of PEG-8000. 



An aliquot (10 jil) of each reaction was analysed on a 1.3% agarose gel and product yield was 

i il 
densitometrically determined. Samples exhibiting the highest product yield were set to 100%. 
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A method for the cbamplification of two : or more target nucleic acids having different 

I 1 I 

sequence compositions and are present at comparable copy numbers whereas the 

i i i 

maximum difference between the lowestjand the highest copy number is 10 fold, said 

i-.fi 

method comprising at least 15 primary amplification cycles, each amplification cycle 
comprising the sequential steps of 



©040/052 



A) heating a reactibn mixture of two or more;targct nucleic acids, or their primer 
extension products, at a first temperature, {Ti, for denaiuration of the strands of the 

| 1 j 

target nucleic acids or their primer extension products, and 



B) priming the denatured strands with a set of unmodified or modified primers 

i 1 i 

specific to and hybridizable with opposing strands of each target nucleic acid to be 

amplified, by cboling to a second temperature, T2, and 

j ! 

C) either as a continuation of step B) jor in; a separate step, forming primer 

extension products in a reaction mixture of PCR reagents, by incubation at a third 

• I • 

temperature, T 3 l provided that when griming and primer extension product 

I ; 

formation are carried out in the same ;step,|T2 and T 3 are the same, 

]• j 

wherein the reaction mixture in at least onb of the primary amplification cycles 

i • 

comprises from 1 to 20 weighL % of a nonionic polymeric volume exclusion 

j I j 

agent. | j \ . 



The method of claim 1 , wherein the reaction mixture in at least one of the primary 



amplification cycles comprises from 1 tojlS weight % of a nonionic, polymeric 
volume exclusion agent. | ! 



The method of claim 1 , wherein the reaction mixture in at least one of the primary 

I " II 
amplification cycles comprises from 1 to 8 weight % of a nonionic, polymeric volume 

exclusion agent. 

1 
j 
\ 

! 
1 
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I 

A method for the coamplification of twoior more target nucleic acids having different 

sequence compositions and are present at comparable copy numbers whereas the 

! ! i 

maximum difference between the lowesijand the highest copy number is 10 fold, said 

! ! ' 

method comprising at least 15 primary amplification cycles, each amplification cycle 
comprising the sequential steps of j I 



©041/052 



A) heating a reaction mixture of two or more target nucleic acids, or their primer 
extension products* at a first temperature^ Tj , for denaturation of the strands of the 
target nucleic acids or their primer extension products, and 



B) priming the denatured strands with a set of unmodified or modified (e.g. carrying a 

! ! I ■ . 

fluorophore moiety) primers specific to and hybridizable with opposing strands or 

1 ' " i i 

acid to be amplified, by cojoling to a second temperature, T2, and 



each target nucleic 



C) either as a continuation of step B) or in a separate step, forming primer extension 
products in a reaction mixture of PCR re^gentjs, by incubation at a third temperature, 
T3, provided that when priming and primer extension product formation are carried out 

i ■ 

in the same step, Ti and T 3 are the same, ! \ 

i t 

1 !. 

wherein the reaction mixture in at least one of. the primary amplification cycles 
comprises from 1 to 20 weight of a nonionic j polymeric volume exclusion agent, a 
hot start DNA polymerase and a sequence specific probe which binds within the 
primer binding regions and which generates ajfluorescent signal after hybridisation. 



5. The method of claim 4, wherein the reaction njiixlurein at least one of the primary 
amplification cycles comprises from 1 to|15 weight % of a nonionic, polymeric 
volume exclusion agent. 



The method of claim 4, wherein the reaction mixture in at least one of the primary 

amplification cycles comprises from 1 to 8 weight % of a nonionic, polymeric volume 

! ! ! 

exclusion agent, 1 j « . 

i i i 

I ! . ■ 

> 5 1 

! ! 
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I 1 

j : 

7. A method for the coamplifi cation of two or njore target nucleic acids having different 

i "i ' 

sequence compositions and are present at comparable copy numbers whereas the 

maximum difference between the lowest and the highest copy number is 10 fold, said 

method comprising at least 1 5 primary amplification cycles, euch amplification cycle 

• t "i 

comprising the sequential steps of 

i I 1 



A) healing a reaction mixture of two or iiiore target nucleic acids, or their primer 
extension products! at a first temperatures Ti, for denaturation of the strands of the 

s i i 

target nucleic acids or their primer extension products, 



id^ < 



B) priming the denatured strands with a set of unmodified or modified (e.g. carrying a 



fluorophorc moiety) primers specific to auid hybridizable with opposing strands of 



i 



each target nucleicjacid to be amplified, Ipy cpoling to a second temperature, T 2 , and 



! ! ! 



C) either as a continuation of step B) or in a separate step, forming primer extension 

i ! i 

products in a reactipn mixture of PCR reagents, by incubation at a third temperature, 
T 3 , provided that \v!hen priming and primer extension product formation are carried out 



in the same step, Ti and T 3 are the same, j 



wherein the reaction mixture in at least one of; the primary amplification cycles 
comprises from 1 20 weight %, preferably !l to 15 weight % of a nonionic, 
polymeric volume Exclusion agent, a hot; start DNA polymerase and a sequence 
specific probe whicjh binds within the primer binding regions and which generates a 
fluorescent signal after hybridisation, 



8. The method of claim 7, wherein the reaction mixture in at least one of the primary 



amplification cycles comprises from 1 to -15 weight % of a nonionic, polymeric 
volume exclusion agent. j | 



H 

The method of claim 7, wherein the reaction mixture in at least one of the primary 

j ! j 

amplification cycles comprises from 1 to .8 weight % of a nonionic, polymeric volume 

i ! ! 

exclusion agent. j j | 

1 i i 
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10. A method for the cjoamplification of two-or more target nucleic acids haying different 

j ! j 

sequence compositions and arc present at comparable copy numbers whereas the 

maximum difference between the lowest; and the highest copy number is 10 fold, said 

method comprising at least 15 primary amplification cycles, each amplification cycle 

comprising the sequential seeps of I 



©043/052 



A) heating a reaction mixture of two or more target nucleic acids, or their primer 
extension products! al a first temperature-, Ti, for denaturation of the strands of the 

j i i 

target nucleic acids or their primer extension products, and 

■I ! i 

D) priming the denatured strands with a set of primers specific to and hybridizablc 

j I ; 

with opposing strands of each target nucfeic acid to be amplified, by cooling to a 

j i ! 

second temperature, T 2 , and j ! 

i i 

C) cither as a continuation of step B) or in a separate step, forming primer extension 

! . i i 

products in a reaction mixture of PCR reagents, by incubation at a third temperature, 
T 3 , provided that v^hen priming and primer extension product f ormaiion are carried out 
in the same step, Ti and T 3 are the same, land ; 

i i 

! ! 

wherein the reactiojti mixture in at least one of; the primary amplification cycles 
comprises from i t6 20 weight % of a nonionic, polymeric volume exclusion agent, a 

hot start DNA polymerase and optionally a sequence specific probe which binds 

i 1 i 

within the primer binding regions and which generates a fluorescent signal after 

hybridisation, and, j j . 



D) in the course of the reaction in each amplification cycle or in an amplification cycle 
after the last primary amplification cycle,) detecting one or more of the primer 



extension products 



as an indication of one or more of the target nucleic acids. 



11. The method of claim 10, wherein the reaction mixture in at least one of the primary 

i > 

amplification cycles comprises from 1 to {15 weight % of anonionic, polymeric 
volume exclusion agent. ! 
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The method of claim 10, wherein the reaction mixture in at least one of the primary 
amplification cycles comprises from 1 to; 8 weight % of a nonionic, polymeric volume 
exclusion agent. 



A method according to one of claims 1 -j 12, characterized in that the volume 

exclusion agent is selected from the grou'p consisting of a polyether, a reaction product 

I * ' . J ; 

of a sugar with epicblorohydrin, a polysaccharide, and a polyacrylatc. 



! j i . 

14. A method according to one of claims 1 -) 12, characterized in that the volume 

I j I 

exclusion agent is is selected from the group of polyethers of the general formula: 

! ! • 

H-(-O I* ) n .I* 

! 

i I 

I I 

wherein R is alkyJene of 1 to 6 carbon atoms 4- branched or unbranched - and n is an 
integer of 15 to 1U00. I 



! i 

15. The method according to claim 14. characterized in that R my represent 1.2-cthylene, 

i ! ! 

1,2-propyiene, 2-hydroxy-l ,3-propylenc,;3-h)rdroxy-l,2-propylene, 1,4-butyIene, 1 ,3- 
butylene or 1,2-hcxylene. j j 



16. The method according to claim 14 or ^^characterized in that the polyether is 
poly (ethylene glycol). \ 



17. The method according to claim 16, Characterized in that the 

■j ! 

poly(ethylene glyccjl) hus an molecular weight in the range of 1000 to 2 000 000, 

L i • 

preferably 3000 to $00 000. and most preferably 8000 +/- 10 %. 
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20. 



i 
i 

3^ 



18. The method according to one of claim 1 j- 12; characterized in that the volume 



exclusion reagent lis a dextrun. 



i i " 

The method according to claim 18, characterized in that the 

1 ! 

dextran has an molecular weight in the range of 1000 to 2 000 000, preferably 3000 to 



500.000, and most 



preferably 40.000 to 60.0000. 



The method according to claim 13, characterized in that the polyacrylate is selected 
from the group consisting of poly (hydroxyethyl acrylate) or poly(2,3-dihydroxypropyl 
acrylate). 



21 . An amplification reaction composition Which;is buffered to a pH of from about 7.5 to 
about 9, comprises 

one or more sets of primers, 

a thermostable hot-start-DNA polymerase, 

a plurality of dNTf*'s, and 

1 to 20 weight % 6f a nonionic, polymeric volume exclusion agent and 
optionally a probe. 



22. The amplification reaction composition of claim 21. wherein the reaction mixture in at 

least one of the primary amplification cycles comprises from 1 to 15 weight % of a 

i i 

nonionic, polymeric volume exclusion agent. * 
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23. . The amplification :ncaclion composition of claim 21, wherein the reaction mixture in at 

least one of the primary amplification cycles comprises from 1 to S weight % of a 

♦ i 

nonionic, polyrnenc volume exclusion agent, j 



24, A kit fox the coamplification of two or more target nucleic acids according to one of 
claim 1 - 20, composing ! 



an amplification reaction composition buffered to a pH of from about 7.5 to about 9 



and comprising: 



one or more sets ofj primers, 

! ! 

a thermostable hot-jstart DNA polymerase, 



a plurality of dNTPs, and I | 

i j 

j I • ; 

1 to 20 weight %, preferably 1 to 15 weight %, most preferably 1 to 8 weight % t of a 
nonionic, polymeric volume exclusion agent, j 



j 1 
b) a capture reagent comprising an oligonucleotide immobilized on a water-insoluble 

substrate. 



25. A self-contained test device comprises, iri separate compartments; 



a) an amplification 
and comprising: 



reaction composition buffered to a pH of from about 7.5 to about 9 



one or more sets ofi primers, 



a thermostable hot-startDNA polymerase;; 
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a plurality of dNTP's, and 



1 io 20 weight %, jpreferably 1 to 15 weight %, most preferably 1 to 8 weight %, of a 
nonionic, polymeric volume exclusion agent,.and, 



b) a capture reageijt comprising an oligonucleotide immobilized on a water-insoluble 
substrate, the compartments being connected in the test device so that the 
amplification reaction composition can be brought into contact with the capture 
reagent after amplification without opening tHe test device. 



26. Kit for preparing an amplification reaction composition according to claim 21 
comprising 



i 

i 

i 



at least one hot-start DNA ploymerase, ahd 



at least one polymeric exclusion reagcntJ, 
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The present invention relates generally to the field of nucleic acid chemistry. More 
specifically* it relates to ajmethod for enhancing the performance of coamplification reactions, 
e.g. multiplex PCR reactions. \ \ 
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Figure 3 A 



Multiplex jPCFl product yield using HolStarTaq and Doxtran 
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Increase In signal Intensity using HolStarTaq and Doxtran 
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Figure 3 B 



Multiplex PCR product yield using standard Taq and Dextran 
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